Introduction {#s0010}
============

Galliformes are a diverse order of heavy-bodied, ground-feeding birds with short rounded wings for short-distance flight. The order includes approximately 290 species divided into five families distributed worldwide ([@bib0190], [@bib0525]): Phasianidae (e.g., chicken, quail, partridges, pheasants, turkeys, peafowl, and grouse), Odontophoridae (New World quails), Numididae (guineafowl), Cracidae (e.g., chachalacas and curassows), and Megapodiidae (e.g., malleefowl, maleo, and brush-turkeys). Galliformes vary in size from the small king quail that weighs 28--40 g to the large North American wild turkey weighing up to 14 kg. Some species have been domesticated and are raised for human consumption of meat and eggs. Grouse, quail, partridges, pheasants, and turkeys are hunted regularly in all parts of the world. The majority of the birds in the group are granivorous to slightly omnivorous.

Columbiformes consists of two families, the Columbidae (pigeons and doves) and Raphidae (Dodos). There are about 310 extant species in the Columbiae family while all species of the Raphidae family are extinct. The terms pigeon and dove are used interchangeably. These birds are common and occur worldwide. Pigeons vary in size and color, from small, sparrow-sized ground doves to large turkey-sized crowned pigeons. Pigeons are kept for various purposes, such as for racing (homing pigeons), show, sports, acrobatics, and pets and as meat (e.g., squab). Some breeds are used in biomedical research.

Pigeons have a fleshy cere, a very large crop that extends on both sides of the neck, vestigial ceca that contains lymphoid tissue, and no gall bladder. Pigeons have an unusual system of veins in the upper part of the neck called the plexus venosus subcutaneous collaris. Extensive hemorrhage and death can occur if a vaccine or treatment is given by injection in this region, especially when it is engorged (e.g., during hot weather, territorial, or sexual displays). Both sexes share in egg incubation and chick care including secretion of crop milk, a thick fluid composed of desquamated epithelial cells, rich in protein, fat, and immunoglobulins that is regurgitated and fed to the young nestlings for about 2 weeks. Production is stimulated by secretion of prolactin in the pituitary gland. During crop milk production, epithelial cells of the crop are hyperemic, hyperplastic, and hypertrophied. Crop milk can be a source of disease transmission, especially when birds are congregated.

Nondomestic galliformes and columbiformes are susceptible to many of the same diseases as that occur in domestic chickens and turkeys. In this chapter, the latter will be used as models for many of the shared, common diseases in domestic and nondomestic species. Specific reference and descriptions of diseases unique to nondomestic species will also be discussed.

Non-infectious diseases {#s0015}
=======================

Nutritional {#s0020}
-----------

Galliformes and columbiformes are susceptible to a number of nutritional deficiencies; diagnosis for all of these conditions requires evaluation of lesions in combination with feed analysis.

Inadequate intake or lack of absorption of calcium, vitamin D3, or phosphorus causes **rickets** in young growing birds and **osteomalacia** in adults ([@bib0660]). Rickets is characterized by enlargement or beading of the junctions of the ribs with sternum and vertebrae (rachitic rosary), bending of the ribs with lateral flattening of the thorax, pathologic bone fractures with callus formation, lateral deviation of the sternum, and spinal deformities are common. Rickets caused by calcium and/or vitamin D3 deficiencies is characterized by a thickened zone of proliferation in the growth plate of bones and enlarged parathyroid glands. Similar growth plate changes in the absence of parathyroid gland enlargement are associated with phosphorus deficiency or calcium excess. With osteomalacia, cortical and trabecular bone are thinner than normal and cortical bone may be porous (osteoporosis).

Vitamin E and selenium are antioxidants that protect cell membranes against oxidative damage caused by reactive oxygen species. **Vitamin E deficiency** (**hypovitaminosis E**) develops secondary to consumption of diets low in vitamin E and may be accompanied by deficiency in selenium or sulfur-containing amino acids. Accumulation of peroxides and deficiency of antioxidants results in a spectrum of diseases, which includes encephalomalacia, muscular dystrophy, and exudative diathesis ([@bib0660]). **Encephalomalacia** also known as "crazy chick disease" is a disease of the central nervous system in young gallinaceous birds fed diets low in vitamin E; it is more commonly seen in 2--4 week old birds ([@bib0085]). Peroxidative damage to capillary walls results in edema, hemorrhage, and malacia of the affected areas. Macroscopically, the cerebellum is swollen and has petechial to diffuse hemorrhage producing a "cherry red" appearance in more severe lesions ([Fig. 31.1](#f0010){ref-type="fig"} ). Microscopically, there is necrosis of the cerebellar folia that affects all layers, capillary thrombosis, edema, and axonal degeneration and hemorrhage in the cerebellar folia and meninges. Birds with muscular dystrophy have white streaks in muscle fibers of the breast, leg, and gizzard. Microscopically, there is degeneration and necrosis of myofibers, myofiber mineralization, satellite cell proliferation, heterophilic cell infiltrates in acute cases with subsequent fibroplasia. **Exudative diathesis** is characterized by subcutaneous edema and hemorrhage; a green-blue gelatinous appearance commonly seen in the ventral aspect of the thorax and abdomen and less frequently in the mandible and periorbital region ([@bib0090]).Figure 31.1Vitamin E deficiency encephalomalacia in turkey poults.Swollen and edematous cerebellum with petechiae *(left)* and diffuse cerebellar hemorrhage *(right)* with vitamin E deficiency.

**Curled-toe paralysis** is a disease of young gallinaceous poultry caused by **vitamin B2** (**riboflavin**) **deficiency**, which is believed to be required for myelin synthesis in peripheral nerves. Deficiency causes a generalized demyelinating polyneuropathy. The sciatic, brachial, cervical, and lumbar nerves and large and medium intramuscular nerves are commonly affected and may be swollen and soft ([@bib0105]). The sciatic nerves may be 4--5 times larger than normal ([@bib0660]). Microscopically there is myelin and axonal degeneration, edema, mild lymphocytic infiltrates, gliosis, and hyperplasia of Schwann cells in later stages.

Vitamin A is critical for differentiation of epithelial cells into cuboidal, columnar, or mucous-producing cells. **Hypovitaminosis A**, causes epithelial metaplasia and hyperkeratosis ([@bib0135], [@bib0660]). Macroscopically, the mucosa of the tongue, choana, and salivary glands in the oropharynx and esophageal glands are thickened and form "pustule-like" nodules ([Fig. 31.2](#f0015){ref-type="fig"} ) due to hyperkeratosis and distension of glands and ducts with keratin, secretions, and cellular debris. The conjunctiva, bursa of Fabricius, nasal passages, and sinuses may contain caseous exudate, mucous membranes may be dry, corneas may be opaque and dry and plantar surfaces may be thickened and hyperkeratotic.Figure 31.2Hypovitaminosis A glandular metaplasia in a chicken.Distended mucosal glands in the esophagus with vitamin A deficiency.

**Choline** or **manganese deficiency** causes **perosis** or **chondrodystrophy**, which are diseases of immature gallinaceous birds that result in impaired endochondral bone growth ([@bib0660]). Affected birds are small for their age and have thickened, short, twisted and bent tarsometatarsi, and widened, deformed articular cartilage. In more severe cases, gastrocnemius tendon dislocation occurs. Microscopically, there is a narrow physeal zone of proliferation with disorganized chondrocytes ([@bib0235]).

**Thyroid hyperplasia** (**goiter**) is considered a common problem in birds and is common in pigeons ([@bib0605], [@bib0710]). The most common causes include dietary deficiency or excess of iodine, consumption of goitrogenic substances (e.g., spinach, cassava, peanuts, soybeans, kale, broccoli, Brussels sprouts, cabbage, canola, cauliflower, mustard greens, radishes, and rapeseed), goitrogenic drugs (e.g., sulfonamides) and a defective negative feedback control by the pituitary.

Metabolic {#s0025}
---------

**Gout** is a metabolic condition in which white chalky or semifluid-like urates accumulate in soft tissues or joints of various organs in the body. In birds, uric acid is the end-product of protein and purine metabolism (uricotelic) whereas in mammals, urea is the end-product (ureotelic). Gout in birds occurs in acute (visceral) and chronic (articular) forms ([Fig. 31.3](#f0020){ref-type="fig"} ). These two forms differ in age of onset, frequency, sex predilection, gross and microscopic lesions, pathogenesis, and cause/s ([Table 31.1](#t0010){ref-type="table"} ). A great deal of confusion exists between the two syndromes because urate deposition in joints can occur in both disease forms. For clarity, commonly used terms "visceral gout" and "articular gout" should be avoided and replaced with "acute urate deposition" and "chronic urate deposition", respectively. Histologically, feathery crystals may be seen within tissues; however, much of the urate deposits are lost when tissues are processed. In chronic cases, granulomatous inflammation is observed.Figure 31.3Urate depositions in a chicken.(A) Acute urate deposition (visceral gout) over viscera. Fine, chalky-white crystalline material is present along the pericardium, across the capsular surface of the liver, and in the soft tissues of the coelom. (B) Chronic urate deposition (articular gout). The toes are enlarged and deformed.Table 31.1Differences Between Acute and Chronic Urate DepositionAcute Urate DepositionChronic Urate DepositionFrequencyCommonRare or sporadicAgeAny ageGenerally mature birdsRenal lesionsAlmost always involved, with deposition of white, chalky precipitates.Normal.Soft tissue lesionsVisceral organs like liver, myocardium, spleen, or serosal surfaces like pleura, pericardium, air sacs, mesentery, etc. are commonly involved.Soft tissues other than synovium are rarely involved. Occasionally comb, wattles, and trachea are involved.Joint lesionsSoft tissues around the joints may or may not be involved. Surfaces of muscles, synovial sheaths of tendons, and joints are involved in severe cases.Soft tissues around the joints are always involved, especially feet. Other joints of the legs, wing, spine, and mandible are also commonly involved.Microscopic lesionsGenerally no inflammatory reaction in synovium or visceral surfaces. Kidney and viscera have inflammatory reaction around tophus.Granulomatous inflammation in synovium and other tissues.PathogenesisGenerally due to renal failure.Probably due to a metabolic defect in the secretion of urates by the kidney tubules.CausesDehydration\
Nephrotoxicity\
Neprhotropic infectious agents, vitamin A deficiency\
Urolithiasis\
Neoplasia (lymphoma, primary renal tumors)\
Immune mediated glomerulonephritisGenetics\
High protein diet

**Exertional myopathy** is caused by excessive muscle activity during restraint. It commonly affects the wings and legs. **Deep pectoral myopathy** is an exertional compartment syndrome of the supracoracoid muscle characterized by ischemic necrosis in the absence of other muscular lesions. It occurs in domesticated heavy breeds of chickens and turkeys ([@bib0620]). Deep pectoral myopathy has been reported in zoo white-headed pigeons but not in free-ranging birds ([@bib0295]). Deep pectoral myopathy can be induced by holding a heavily muscled bird by its legs and allowing it to flap its wings ([@bib0625]) or by occlusion of the subclavian artery with muscle stimulation ([@bib0735]). Compartmental myopathy produces high levels of lactic acid and myonecrosis. Further complications include lactic acidosis, renal failure, arrhythmias, and death. Initially, the supracoracoid muscle is swollen, pale, and edematous. Later muscle becomes green dry and friable. Histologically, there is necrosis.

Toxic {#s0030}
-----

Galliformes and columbiformes are curious animals that may unintentionally ingest toxic compounds in their environments. Most compounds considered toxic for mammals and other avian groups are likely to be toxic to galliformes and columbiformes (see Supplemental [Table e1](#t0025){ref-type="table"}). As occurs in other avian species, galliformes and columbiformes are more susceptible to inhaled toxins than mammals because of their rapid metabolic rate and highly efficient respiratory system. Good ventilation should be maintained in birds kept in captivity.

**Pesticides** and **anticoagulant rodenticides** are known to cause mortality in nontarget species, including wild pigeons, turkeys, and other galliformes ([@bib0230], [@bib0530], [@bib0595]). Though more commonly used historically, nonanticoagulant rodenticides (e.g., zinc phosphide or strychnine), can also cause toxicity and should not be ignored. Some species, for example, feral pigeons, may be purposely poisoned if they are considered a nuisance. Presently, there are no nationally registered toxic baits available for use on pigeons in the United States ([@bib0745]). Common poisons used by private individuals are alpha-Chloralose, 4-aminopyridine (Avitrol), thallium, and ethylene glycol (antifreeze). The first two affect the nervous system. Thallium and antifreeze (ethylene glycol) cause nephrosis and uric acid deposition in many organs (visceral gout).

**Heavy metal** intoxications, mainly associated with lead and zinc, are some of the most commonly reported and clinically recognized poisons in domestic and free-ranging birds. These metals are included in many man-made products, such as metal tools, coins, batteries, and gun pellets. Clinical signs include weight loss, lethargy, depression, anemia, paralysis, head tremors, convulsions, and death. Microscopically, the most diagnostic lesions are demyelination of peripheral nerves and focal areas of vascular damage in the cerebellum. Heavy metal poisoning should be differentiated from botulism. The primary treatment for lead or zinc poisoning is removal of the toxic metal.

**Mycotoxicosis** is caused by toxic metabolites of fungi. Hundreds of mycotoxins are known. The most common are **aflatoxins** and **fusariotoxin** (e.g., T-2 toxin and deoxynivalenol or DON) ([@bib0045], [@bib0690]). Because galliformes and columbiformes consume primary seed-based diets, they have a high risk of exposure. Susceptibility to mycotoxins varies among species. All mycotoxins cause immunosuppression. Aflatoxins may cause anemia, hemorrhage, hepatic degeneration, and paralysis. Fusariotoxins are associated with feed refusal, extensive necrosis of oral mucosa and in contact skin, and hyperplastic bone marrow.

Inflammatory Non-infectious {#s0035}
---------------------------

**Amyloidosis** is a well-recognized pathologic disorder in birds (see Chapter 29). Deposition of amyloid protein occurs commonly in the subsinusoidal space in the liver and spleen but can accumulate in other organs. In chickens, turkeys, and pigeons, it is commonly associated with chronic infections including *Mycobacterium avium*, *Mycoplasma* spp., and *Enterococcus faecalis*.

**Xanthomas** are rare nonneoplastic, white to yellow, nodular masses that occur in the skin, subcutaneous tissues, and internal organs ([@bib0385]). Histologically, xanthomas are composed of sheets of large, foamy, and lipoprotein-laden macrophages. Occasionally, cutaneous xanthomas develop over lipomas ([@bib0215], [@bib0660]). The majority of xanthomas that are surgically removed do not recur ([@bib0560]).

Several metabolic diseases that are commonly seen in commercial poultry are occasionally, diagnosed in wild gallinaceous species and pigeons. These include hemorrhagic fatty liver syndrome, aortic rupture, ascites syndrome, dilated cardiomyopathy (round heart disease), tibial dyschondroplasia, and femoral head degeneration. The reader is referred to other publications for information ([@bib0085]).

Neoplastic {#s0040}
----------

Virus-associated neoplasms tend to be the most common tumors observed in gallinaceous and columbiforms and are summarized in the infectious disease section. The etiopathogenesis of infectious neoplasms is well described for many tumors in domestic chickens (i.e., retrovirus associated lymphoma) and may be similar albeit uninvestigated in nondomestic poultry ([@bib0305], [@bib0660], [@bib0715]).

Tumors described in gallinaceous birds and pigeons include: oral squamous cell carcinomas in peafowl; fibromas, lipomas, and fibrosarcomas in the skin, skeletal muscle, and visceral tissues of free-ranging pigeon, pheasant, and quail; leiomyomas (often in the mesosalpinx), leiomyosarcomas, rhabdomyomas, and rhabdosarcomas in domestic chickens, quail, and a number of pigeon species; and ovarian or oviductal adenocarcinomas with or without wide metastasis in domestic and nondomestic chickens ([@bib0305], [@bib0570], [@bib0660]).

Infectious diseases {#s0045}
===================

There are a number of important viral infections of domestic galliformes that nondomestic galliformes are presumed susceptible to but that, to date, have not been reported to cause disease (see Supplemental [Table e2](#t0030){ref-type="table"}).

DNA Viruses {#s0050}
-----------

The family *Adenoviridae* is divided into five genera: Mastadenovirus, Aviadenovirus, Atadenovirus, Siadenovirus, and Ichtadenovirus. The majority of adenoviruses in birds are classified as Aviadenoviruses ([@bib0280]).

**Quail bronchitis**, caused by an *Aviadenovirus*, is a respiratory disease of bobwhite and Japanese quail ([@bib0660]). Quail under 4 weeks of age are more susceptible. In older birds, infections are usually milder or subclinical ([@bib0085]). Gross lesions include catarrhal tracheitis, corneal clouding, conjunctivitis, and congestion in the mucosa of the nasal passages and infraorbital sinuses along with pulmonary congestion and consolidation and airsac thickening and opacity. Microscopically, there is lymphoplasmacytic tracheitis and bronchitis with loss of cilia, epithelial cell necrosis, and hyperplasia, and large, basophilic, intranuclear inclusions in intact or sloughed epithelium. Diagnosis is made by evaluating lesions and the presence of characteristic intranuclear inclusions in respiratory epithelium. Virus isolation can also be performed in samples of trachea, lungs, and air sacs for confirmation.

**Inclusion body hepatitis** (**IBH**), also caused by an *Aviadenovirus*, occurs worldwide. It primarily affects chickens, though guinea fowl and turkeys, can also develop disease ([@bib0125], [@bib0450]). Immunosuppressive viruses, such as chicken anemia virus or infectious bursal disease virus, predispose chickens to IBH. The disease is typically seen in 2--3 week old birds but it has been diagnosed in chickens as young as 4 days and as old as 7 weeks ([@bib0085]). Gross lesions include an enlarged, friable, and pale liver that in some cases contains multifocal foci of necrosis and hemorrhage. Other lesions include hydropericardium and swollen, pale, mottled, and hemorrhagic kidneys. Microscopically, there is multifocal hepatic necrosis, basophilic to amphophilic intranuclear inclusions in hepatocytes, and inflammation composed of lymphocytes, heterophils, macrophages, and plasma cells. Pancreatic necrosis with intranuclear inclusions has been reported in guinea fowl ([@bib0090]). Diagnosis is made by detecting characteristic hepatocellular intranuclear inclusions within lesions ([Fig. 31.4](#f0025){ref-type="fig"} ). Virus isolation, immunofluorescence, and PCR can confirm the diagnosis.Figure 31.4Inclusion body hepatitis in a chicken.Multifocal hepatic necrosis and basophilic intranuclear inclusions in hepatocytes infected with aviadenovirus.

**Pigeon adenovirus** occurs in many parts of the world and causes two disease syndromes: classical adenovirus and necrotizing hepatitis ([@bib0700]). Classical adenovirus occur in young pigeons (\<1 year) and causes diarrhea, vomiting, and weight loss with morbidity approaching 100%. This disease is associated with fowl adenoviruses belonging to various serotypes ([@bib0430]). Gross lesions include watery intestinal contents and microscopic villous atrophy with basophilic, intranuclear inclusions in enterocytes. Necrotizing hepatitis occurs in pigeons of all ages and results in vomiting, watery yellow diarrhea, and death within 24--48 h. Mortality ranges from 30% to 100%. Grossly, the liver is enlarged and pale yellow. Microscopically, there are multifocal to coalescing, random foci of hepatocyte necrosis with heterophilic inflammation. Karyomegaly may be seen and is due to large, round, and basophilic intranuclear inclusion bodies with occasional margination of chromatin. Adenovirus isolation pigeons is difficult, thus diagnosis is by histopathology and identification of 75--85 nm diameter, icosahedral, and nonenveloped viral particles by transmission electron microscopy.

**Hemorrhagic enteritis** caused by a **Siadenovirus**, affects turkeys, Guinea fowl, and chukar partridges ([@bib0440] [@bib0615]). Lesions are characterized by small intestinal hemorrhage as well as an enlarged, friable, and mottled spleen with reticuloendothelial cell (RE) hyperplasia and basophilic/amphophilic intranuclear inclusions in RE cells. **Marble spleen disease**, also caused by a *Siadenovirus* is a disease of pheasants. It affects 3--8 month old birds ([@bib0100], [@bib0445]). Grossly, the spleen is swollen and mottled, and the lungs are congested and edematous. Microscopically, basophilic/amphophilic intranuclear inclusions are present in macrophages and lymphocytes in the spleen and Kupffer cells in the liver ([@bib0220], [@bib0225]). In addition to gross and microscopic lesions, agar gel immunodiffusion or PCR assays can be performed for confirmation.

**Pigeon circovirus** (**PiCV**) is a small, nonenveloped, circular, single-stranded DNA virus. It is common in pigeons in the United States of America, Europe, Australia, South Africa, Japan, and China and is probably distributed worldwide. PiCV causes a complex, multifactorial disease primarily in young pigeons (\<4 months of age) called young pigeon disease syndrome; adults can be carriers. PiCV can be found in healthy, asymptomatic pigeons (by PCR or ELISA) and has an incidence of 70% or higher ([@bib0645], [@bib0660]). Infection causes immunosuppression due to apoptosis of bursal lymphocytes. Sequela includes severe acquired immunosuppression ([@bib0010]) and various secondary infections. Transmission is primarily horizontal but vertical transmission can also occur. Clinical signs vary and often depend on secondary or concurrent infections. Mortality is variable but can approach 100%. Occasionally, abnormal feathers can also be observed. Gross lesions include an enlarged or small bursa of Fabricius with or without luminal, caseous exudate, and splenomegaly. Microscopically, variable degrees of lymphoid necrosis are seen in the bursa: lymphoid depletion in acute disease and cystic follicles in subacute and chronic disease. Lymphoid depletion can also be seen in the spleen, cecal tonsils, and bone marrow. Intranuclear and intracytoplasmic basophilic globular or characteristic botryoid inclusion bodies are present in macrophages and, less commonly, epithelial cells of the bursa of Fabricius ([Fig. 31.5](#f0030){ref-type="fig"} ). Similar inclusions can also be observed in the macrophages of the thymus, spleen, cecal tonsils, lungs, and duodenum. Ultrastructurally, inclusion bodies are composed of 15--20 nm in diameter, nonenveloped, icosahedral viral particles that are either loosely arranged or in a paracrystalline array. Diagnosis is based on a combination of PCR (feces or tissues), ELISA, and identification of characteristic inclusion bodies in the bursa of Fabricius and/or other organs, immunohistochemistry, and electron microscopy.Figure 31.5Circoviral infections in the bursa of a pigeon.Botryoid inclusion bodies present in epithelial cells of the bursa of Fabricius.

The family **Herpesviridae** is divided into three subfamilies. All avian herpesviruses are in the *alphaherpesvirinae* subfamily.

**Infectious laryngotracheitis** (**ILT**) caused by *Gallid herpesvirus 1* (GaHV-1; also known as *Avian herpesvirus* 1), is an OIE reportable disease. It occurs primarily in chickens, but pheasants, pheasant-chicken crosses, peafowl, and turkeys are susceptible ([@bib0140], [@bib0370], [@bib0535]). Virus infects and replicates in respiratory tract epithelium and conjunctiva. Latency is established in the trigeminal ganglia ([@bib0060]) and viral infection is reactivated in immunosuppressed birds. In mild cases, the larynx, trachea, and primary bronchi contain excess mucus and have hyperemic mucosa with mild petechiae. In more severe lesions, intraluminal accumulation of fibrinonecrotic material and/or abundant hemorrhage ([Fig. 31.6](#f0035){ref-type="fig"} ), which occludes the laryngeal opening and cause suffocation are seen. Affected birds may also have oculonasal discharge, conjunctivitis, and swelling of the infraorbital sinuses. Microscopic lesions in the respiratory tract and conjunctiva consist of epithelial erosion, necrosis, and ulceration with formation of syncytial cells containing eosinophilic, intranuclear inclusion bodies ([Fig. 31.7](#f0040){ref-type="fig"} ). Syncytial cells may be present in tissues or sloughed into lumena and are only evident in the early stages of infection (1--5 days) ([@bib0265]). The mucosa and submucosa are edematous, congested, and infiltrated by mononuclear cells and heterophils. In addition to the pathologic changes, diagnosis can be made also by virus isolation, immunofluorescence, and PCR for GaHV-1 on samples of larynx, trachea, and lungs ([@bib0685]).Figure 31.6Infectious laryngotracheitis in a chicken.Accumulation of fibrinonecrotic debris in the larynx of a chicken infected with Gallid Herpesvirus-1.Figure 31.7Infectious laryngotracheitis virus (Gallid Herpesvirus-1) in a chicken.Severe loss of cilia, necrosis of epithelium, and numerous syncytial cells with eosinophilic intranuclear inclusions on the luminal surface.

**Gallid herpesvirus 2** (**Marek's disease virus** \[**MDV**\]), is one of the most common diseases of chickens. Quails, pheasants, and commercial turkeys are also susceptible, and disease in Japanese quail is relatively common ([@bib0660]). The disease is more often seen in unvaccinated and sexually immature chickens that are 2--7 months old, but can occur at any age ([@bib0085]). Virus replicates in feather follicular epithelium and is shed in feather dander. Marek's disease pathogenesis has four phases ([@bib0080], [@bib0660]). In the early phase, the inhalation of cell-free virus with feather dander infects the respiratory epithelial cell and local macrophages followed by viremia with cytolytic viral replication in lymphocytes. This is followed by a latency phase in CD4+ T cells and results in systemic viral dissemination. During this phase, cutaneous viral infection, replication, and shedding occur. The third phase of MDV is characterized by reactivation in CD4+ T cells. During this phase, a late cytolytic stage and immunosuppression occurs. The final, proliferative phase is characterized by reactivation of the virus and neoplastic transformation of CD4+ T cells.

Gross lesions include bursal and thymic atrophy; tumor infiltration with enlargement of peripheral nerves ([Fig. 31.8](#f0045){ref-type="fig"} ), white discoloration of the iris with an irregularly shaped pupil, nodular lesions in feather follicles, splenomegaly, hepatomegaly, and the presence of pale white tumors in various organs. Peripheral nerve lesions may be unilateral or bilateral and involve the sciatic, brachial, and vagus nerves and spinal root ganglia. Type A and B lesions are present in peripheral nerves and characterized by an infiltration of neoplastic CD4+ T cells and mixed inflammation with edema, respectively ([@bib0095], [@bib0660]). Peripheral nerve lesions are rare in quail and turkeys ([@bib0520], [@bib0660], [@bib0740]). Microscopically there is cerebral perivascular lymphocytic cuffing, vasculitis, edema, gliosis, and lymphocytic meningitis. Visceral organs contain pleomorphic and neoplastic T lymphocytes ([Fig. 31.9](#f0050){ref-type="fig"} ). Skin lesions may be inflammatory or neoplastic but usually surround feather follicles. Eosinophilic intranuclear inclusions may be present in cells of the transitional zone and stratum corneum of the feather follicle epidermis ([@bib0235]). Lymphoma can be present in the anterior and posterior uvea. Detection of lymphoma in peripheral nerves, brain, and eye by histopathology support a diagnosis of Marek's disease. As MDV is ubiquitous, viral detection alone is not confirmatory. Diagnosis therefore relies on characteristic lesions combined with detection of Marek's disease virus antigens (pp38 and meq) in tissues by immunohistochemistry, virus isolation, or PCR of tumor from feather tips, blood, or tissues.Figure 31.8Gallid herpesvirus 2 (Marek's disease) neuropathy in a chicken.Enlarged and edematous sciatic nerves in a chicken with Marek's disease may be due to neoplastic CD4+ T cell infiltrates (Type A) or mixed inflammation and edema (Type B).Figure 31.9Gallid herpesvirus 2 (Marek's disease) lymphoma in the liver of a chicken.Infiltration of pleomorphic and neoplastic CD4+ T lymphocytes due to Marek's disease.

**Pigeon herpesvirus 1** (syn. **Columbid herpesvirus 1**) causes generalized infection in young pigeons; it's seen occasionally in adults, who can be asymptomatic carriers. Stress or immunosuppression caused by pigeon circovirus infection predisposes birds to infection and disease ([@bib0660]). Columbid herpesvirus-1 also causes disease in raptors including owls (see Chapter 30) ([@bib0240], [@bib0750]). Virus sources include contaminated environment, food, and water as well as the crop milk, which the adults regurgitate and feed their young. The virus initially infects the mucosa of the conjunctiva, respiratory, and digestive tracts after which the birds develop viremia. Clinical signs include lethargy, depression, excess lacrimation, nasal discharge, diarrhea, neurological signs, and sudden death. Morbidity and mortality are variable in a flock but usually low. Squabs that have maternal immunity are protected against severe disease; they survive but become asymptomatic carriers gel ([@bib0435]). Gross lesions include conjunctivitis, fibrinonecrotic exudate in the pharynx, esophagus, and crop and most commonly, hepatomegaly with pale foci of necrosis. The spleen can be enlarged and the pancreas may contain pale, patchy areas of necrosis. Microscopically, there is necrosis of the pharyngeal, esophageal, and ingluvial epithelium with ulceration and inflammation. Epithelial cells subjacent to ulcers often contain eosinophilic intranuclear inclusions. The liver contains multifocal to coalescing areas of coagulative necrosis with mixed inflammatory cell infiltrates. Eosinophilic intranuclear inclusion bodies are present in hepatocytes, pancreatic acinar cells, and splenic mononuclear cells. Syncytia, some with inclusions, may also be present. Other lesions described less frequently include stomatitis, sinusitis, tracheitis, nonsuppurative encephalomyelitis, myocarditis, sialoadenitis, and proventriculitis. Virus isolation, transmission electron microscopy, or PCR for the viral DNA polymerase gene in liver, chicken egg embryos, chorioallantoic membrane, oropharyngeal swab samples, or cell culture are confirmatory when combined with characteristic histologic lesions ([@bib0180]).

**Avian poxvirus** infections are caused by Avipoxviruses in the family of *Poxviridae*. Within the *Avipoxvirus* genus are numerous species, including fowlpox, pigeonpox, quailpox, and turkeypox. Infections are reported in a wide host range with a degree of host-specificity; morbidity can approach 100% but mortality is low. Avian pox viruses encode a protein similar to epidermal growth factor (EGF) believed to be associated with epithelial cell hyperplasia in infected tissues ([@bib0660]). Gross lesions of cutaneous avian pox consist of proliferative tan nodules primarily on the unfeathered portions of the head ([Fig. 31.10](#f0055){ref-type="fig"} ) and feet. Nodules may become ulcerated, dark brown, and hemorrhagic as a result of localized trauma. The "wet" or diphtheritic form of avian pox is characterized by proliferative and ulcerative lesions with diphtheritic membranes in the mouth, tongue, esophagus, conjunctiva, and upper respiratory tract ([Fig. 31.11](#f0060){ref-type="fig"} ). Sometimes both forms can occur simultaneously. Characteristic microscopic lesions include irregular acanthosis, spongiosis, and ballooning degeneration with brightly eosinophilic, intracytoplasmic inclusions (Bollinger bodies) in epidermal ([Fig. 31.12](#f0065){ref-type="fig"} ), and mucosal epithelial cells. The surface epithelium may be ulcerated and contain secondary bacterial and/or fungal infections. Mononuclear cells are commonly present in the surrounding submucosa or dermis. The microscopic appearance of Bollinger bodies is typically considered as diagnostic, but molecular testing is available. Pox virus infection occurs via ocular, digestive, and respiratory routes by exposure to contaminated environments, food, and water. Mosquito bites aid in the transmission of the virus, which results in breaks in the epidermis that facilitate transmission. The incubation period is between 4 and 10 days and all ages are susceptible. Virus isolation in embryonated chicken egg chorioallantoic membranes, PCR, and electron microscopy (especially in the absence of obvious viral inclusions) ([Fig. 31.13](#f0070){ref-type="fig"} ) support the histologic diagnosis of poxviral infection.Figure 31.10Poxviral dermatitis in a wild turkey.Multiple proliferative nodules on the head.Figure 31.11Poxviral proliferative stomatitis in a quail.Proliferative lesions with diphtheritic membranes within the oral cavity typical of "wet" or diphtheritic form of avian pox.Figure 31.12Poxviral epidermal hyperplasia in a chicken.The epidermis is thickened with ballooning degeneration and eosinophilic intracytoplasmic inclusions.Figure 31.13Poxviral particles in the eyelid of a chicken.Transmission electron micrograph of virus particles with typical large pox virus morphology. TEM.

RNA Viruses {#s0055}
-----------

**Avian influenza viruses** (**AIV**) are influenza A viruses. They have been detected in more than 105 bird species from different taxa. Wild waterfowl in the orders Anseriformes and Charadriiformes are the natural reservoirs ([@bib0640]). Traditionally, AIVs have been classified by their hemagglutinin (HA) and neuraminidase (NA) surface glycoproteins. Based on the clinical signs and mortality caused experimentally in chickens, AIVs are classified in two pathotypes, low and highly pathogenic AIV (LPAIV and HPAIV, respectively). For domestic species, all AIVs are reportable to the OIE; for wild birds only HPAIVs are reportable ([@bib0775]). The same AIV may induce a wide range of clinical signs depending on the host species, age, immunity, etc. LPAIV infections may be subclinical or associated with diseases affecting the respiratory, gastrointestinal, urinary, and reproductive tracts. These viruses require trypsin-like enzymes for the cleavage of the HA protein, thus viral replication is usually limited to mucosal epithelial cells of the respiratory and intestinal tracts. Circulation of H5 and H7 subtypes of LPAIV in gallinaceous poultry may result in the acquisition of multiple basic amino acids in the HA protein cleavage site and the emergence of highly pathogenic AIV (HPAIV) ([@bib0655]).

HPAIV infection causes systemic disease with high mortality in chickens and turkeys. Other gallinaceous poultry species, such as bobwhite quail, ring-necked pheasants, and chukar partridges may survive longer and develop more severe neurological disease than chickens. It has long been thought that pigeons are resistant to HPAI; however, certain strains of HPAIV can cause disease ([@bib0325], [@bib0395]).

Clinical signs of HPAIV infection include depression, paresis, paralysis, and mortality.

Affected birds may have edema and cyanosis of the head and comb, hemorrhage and cyanosis in the skin, edema and hemorrhage in the lungs, hemorrhage in the gastrointestinal mucosa and serosa, and necrotic foci and hemorrhage in visceral organs, such as the pancreas ([@bib0650], [@bib0665], [@bib0660]). Microscopic lesions of HPAIV infection vary and involve multiorgan necrosis, hemorrhage, and inflammation. Confirmation of disease in suspected cases is through virus isolation, antigen capture immunoassays, and RT-PCR or qRT-PCR in oropharyngeal and cloacal swabs, feces and in samples of affected organs. Rapid diagnosis can be achieved by screening oropharyngeal swabs using a matrix gene for influenza A by qRT-PCR and subsequent testing of positive samples with H5 and H7 subtype-specific qRT-PCR ([@bib0635]). OIE influenza reference laboratories perform the final identification of these viruses.

**Newcastle disease virus** (**NDV**), a variant of **avian paramyxovirus 1** (**APMV-1**), causes **Newcastle disease** (*ND*). Infection with NDV is OIE notifiable ([@bib0775]). NDV has been detected in at least 241 bird species ([@bib0355]). NDV strains are categorized as velogenic (highly virulent), mesogenic (moderately virulent), and lentogenic (nonpathogenic). Velogenic strains cause severe nervous and respiratory disease and high mortality (up to 100%); mesogenic strains primarily affect egg production, can produce mild respiratory disease and cause low mortality; lentogenic strains usually are asymptomatic in adult birds, but may cause respiratory disease in the young. Chickens are highly susceptible to velogenic NDV. Pathogenesis of ND involves viral replication in mucosal epithelium of the respiratory and intestinal tracts followed by viremia and viral dissemination to multiple visceral organs and brain. Gross lesions include facial edema, ventricular and/or proventricular hemorrhage, necrosis and hemorrhage in the intestinal mucosa, especially at cecal tonsils and Peyer's patches, and splenomegaly with congestion and mottling ([@bib0660]). Microscopically, affected birds have nonsuppurative encephalitis with gliosis and neuronal degeneration, disseminated vasculitis and thrombosis, and necrosis in lymphoid tissues as well as necrosis and hemorrhage in the mucosa of the conjunctiva, trachea, and gastrointestinal tract. Infections with low virulence NDV can cause mild conjunctivitis, rhinitis, tracheitis, pneumonia, and airsacculitis ([@bib0085]). Secondary bacterial infections enhance the severity of the respiratory disease caused by low virulence NDV. Virus isolation, RT-PCR, and DNA sequencing of the fusion protein cleavage site on tracheal and cloacal swabs and samples of affected organs support the gross and histological diagnosis; the intracerebral pathogenicity index (ICPI) test is performed to determine the virulence of the virus ([@bib0500], [@bib0660]).

A **coronavirus** similar to infectious bronchitis virus of chickens is associated with clinical signs of respiratory disease and pancreatitis in pigeons ([@bib0540]). Clinical signs include depression, polydipsia, ocular and nasal discharge, and tracheal rales. Necropsy findings include an enlarged and mottled pancreas, and edema and congestion in the lungs.

**Eastern equine encephalitis** (**EEE**) (family *Togaviridae*; genus *Alphavirus)*; is a zoonotic alphavirus that causes neurological signs and encephalitis in ring-necked pheasants, chukar partridges, and turkeys ([@bib0075], [@bib0660]). Mortality can be high (up to 80%) in naturally-occurring outbreaks; young birds are most susceptible. Gross lesions have not been observed in pheasants. Chukar partridges may have pale focal areas in the heart and an enlarged, mottled spleen ([@bib0550], [@bib0550]). Microscopically, affected birds have lymphocytic meningoencephalitis with perivascular cuffing, gliosis, neuronal degeneration, and satellitosis. Myocardial necrosis and lymphocytic myocarditis may also be seen. Lymphoid depletion and necrosis in the bursa of Fabricius and thymus are reported in experimentally infected turkeys ([@bib0270]).

**Highlands J virus** (**HJ**) is an alphavirus that causes disease in turkeys and chukar partridges. Known distribution is in North and South America ([@bib0195], [@bib0210], [@bib0720]). Affected birds have a mottled, enlarged spleen, myocardial pallor due to necrotizing myocarditis, intestinal serosal hemorrhage, enteritis with necrosis of gut-associated lymphoid tissue, lymphocytic meningoencephalitis, and lymphoid depletion with lymphoid necrosis in the bursa of Fabricius, spleen, and thymus.

**West Nile virus** (**WNV**), a type of flavivirus, is not considered a significant pathogen of galliformes or columbiformes despite recognized low level viremia in infected birds ([@bib0035]). Disease, including lymphocytic encephalitis, myocarditis, pancreatitis, ventriculitis, and myositis with bone marrow hyperplasia has been reported in a single wild turkey that was clinically disoriented and failed to flee when approached ([@bib0760]).

**Israel turkey meningoencephalitis** (**ITV**) and **Bagaza virus** (*BAGV*) have been proposed as single virus species ([@bib0345]). ITV is reported in turkeys ([@bib0660]), and BAGV has been detected in free ranging gallinaceous birds, including partridges and pheasants, and common wood pigeons ([@bib0245]). Disease causes nervous signs and high mortality. Gross lesions vary from none to pallor of the pectoral muscle, pancreas, and myocardium. Injection of encephalic and epicardial vessels may be present. Microscopically, affected birds have nonsuppurative meningoencephalitis and splenitis as well as myocardial necrosis ([@bib0245], [@bib0320], [@bib0400]).

Diagnosis of arboviral diseases is through evaluation of lesions and by performing virus isolation (in level 3 biocontainment facilities), RT-PCR, and immunohistochemistry.

Most **enteric viral infections** occur in young birds. The clinical signs and lesions induced by different viruses may be similar. Diarrhea and distention of the gastrointestinal tract with gas and liquid are common manifestations. Histologically, there is degeneration of enterocytes, villous blunting, and leukocytic infiltration of the lamina propria. The etiology of many poultry enteric disease syndromes is difficult to elucidate, as many of these viruses cannot be cultured. **Astroviruses**, **reoviruses**, **rotaviruses**, **coronaviruses**, **and parvoviruses**, to mention a few, are implicated as causative agents for enteric disease because they have been isolated from or identified in the intestines and intestinal contents of affected poultry ([@bib0515], [@bib0660]). However, many of these enteric viruses can be also detected in otherwise healthy birds. Current research using viral metagenomics to describe the viral population in the avian gut will hopefully lead to a better understanding of the role viruses play in enteric disease.

**Turkey rhinotracheitis** (**TRT**) and **swollen head syndrome** (**SHS**) are highly contagious respiratory diseases caused by avian metapneumoviruses (aMPV). TRT is primarily a disease of turkeys, while SHS is primarily a chicken disease. aMPV infections similar to SHS have also been detected in pheasants ([@bib0250], [@bib0495], [@bib0725]) and guinea fowl ([@bib0420]). The viruses infect and replicate in epithelial cells of the respiratory tract causing ciliostasis, which predisposes to secondary bacterial infections ([@bib0115], [@bib0330], [@bib0340]). Chickens, pheasants, and guinea fowl with SHS may present with swelling of the infraorbital sinuses, periorbital region, eyelid and subcutaneous tissue of the mandible, neck, and wattles due to accumulations of yellow gelatinous to caseous material. Turkeys with TRT have watery to mucoid exudate in the nasal passages and trachea ([@bib0340]) and periorbital and infraorbital edema. Fibrinous polyserositis with airsacculitis, pericarditis, perihepatitis, salpingitis, and oophoritis occur in birds with secondary bacterial infections. Microscopically, there is a loss of epithelial cilia in the respiratory tract and the lamina propria is expanded with edema and inflammatory cells. Small eosinophilic intracytoplasmic inclusions may be seen in epithelium of the nasal turbinates and trachea in the acute stage of the disease ([@bib0090]). Conjunctivitis, osteomyelitis of cranial bones, and otitis may also occur. Diagnosis is made by evaluating lesions and by virus isolation and/or RT-PCR on upper respiratory tract tissues, swabs, or mucus.

**Pigeon Paramyxovirus 1** (**PPMV-1**) is a variant APMV-1 that is common in pigeon populations worldwide. Pigeons of all ages are susceptible. The APMV-1 variant, affecting pigeons is commonly known as pigeon PMV-1 or PPMV-1. It has a distinct binding pattern with monoclonal antibodies, and by phylogenetic analysis, the majority of PPMV-1 isolates are placed in lineage 4b (VIb) ([@bib0020]). Disease is transmitted most commonly by ingestion of contaminated food and water but also through ocular and respiratory routes. The incubation period is 10--12 days. Lesions are due to viremia and noted in various organs including the brain, inner ear, and viscera. Clinical signs include anorexia, greenish watery diarrhea, lethargy, depression, and most commonly neurological signs, such as ataxia, paralysis of legs and wings, torticollis, and opisthotonus ([Fig. 31.14](#f0075){ref-type="fig"} ). Morbidity can be high, but mortality in a flock is low. Gross lesions include greenish watery intestinal contents, pale tan and enlarged kidneys with increased urates, enlarged and mottled pale tan or red pancreas, and splenomegaly. Microscopically, the most common lesions are lymphoplasmacytic interstitial nephritis, pancreatitis, enteritis and splenitis, nonsuppurative meningoencephalomyelitis, and occasionally otitis interna. PPMV-1 can be diagnosed using the same methods as for any other APMV-1.Figure 31.14Paramyxovirus neurologic signs in a pigeon.Opisthotonus and torticollis associated with PMV-1 infection.

*Avian Paramyxoviruses-2 to -11* are occasionally isolated from wild birds; however, it is unclear if they are responsible for clinical signs and death because experimental infection usually does not induce disease. Serotypes 2, 3, 6, and 7 have been isolated from turkeys. Serotype 7 has been isolated from dead collared doves.

**Avian encephalomyelitis** (**AE**) is a neurological disease of chickens, turkeys, quail, and pheasants caused by **avian encephalomyelitis virus** (genus *Tremorvirus*). Clinical disease with neurological signs most commonly occurs in 1--3 week old birds. Pathogenesis involves infection of the intestinal epithelium followed by viremia and viral dissemination to other visceral organs, skeletal muscle, and the brain ([@bib0660]). Pale discoloration in the muscular layers of the ventriculus may be the only gross lesion seen in birds with clinical disease or gross lesions may be absent; grayish foci may be seen in the pancreas of pigeons ([@bib0680]). Cataracts may be observed in birds that survive infection. Microscopically, the brain and spinal cord usually contain encephalomyelitis with lymphocytic perivascular cuffs, gliosis, glial nodules, central chromatolysis of neuronal cell bodies, and neuronal satellitosis. Multifocal lymphocytic infiltration may be present in the myocardium, muscular layer of the gastrointestinal tract, pancreas, skeletal muscle, and peripheral nerves ([@bib0090], [@bib0660]). Diagnosis is based on a combination of clinical signs, disseminated nonpurulent inflammation of the central nervous system, and identification of characteristic central chromatolysis in neuronal cell bodies in the brain stem ([Fig. 31.15](#f0080){ref-type="fig"} ). Virus isolation performed on brain samples confirms the diagnosis. Fluorescent antibody tests can be performed to demonstrate viral antigen in tissues.Figure 31.15Avian encephalomyocarditis encephalomyelitis in a chicken.Nonsuppurative encephalomyelitis with glial nodules and central chromatolysis of neuronal cell bodies.

**Avian reoviruses** are ubiquitous viruses among birds and infection is usually present without disease (an estimated 85%--90% of isolated avian reoviruses are nonpathogenic); one exception being viral arthritis/tenosynovitis in chickens and turkeys ([@bib0335], [@bib0660]). Reoviruses may be involved in several other disease syndromes, including respiratory, enteric, systemic infections, and the stunting/malabsorption syndrome of poultry. However, reoviruses are not considered the main cause in any of these conditions. Reoviruses have been isolated from tissues or feces of sick pigeons, pheasants, and bobwhite quail; in all these cases other pathogens (e.g., cryptosporidium and *Staphylococcus aureus*) were also identified in the lesions.

**Lymphoid leukosis** (**LL**) is a disease of semimature to mature chickens caused by **avian leukosis sarcoma viruses** (**ALVs**). These viruses are classified into 10 subgroups: A, B, C, D, E, F, G, H, I, and J. ALVs may cause a variety of tumors including lymphoid leukosis, soft tissue sarcomas, epithelial cell tumors (primarily renal tumors), and tumors of endothelial cell origin (hemangioma and hemangiosarcoma among others) ([@bib0660]). Lymphoid leukosis is the most common of these neoplastic conditions. Disease is more frequently seen in chickens older than 16 weeks. ALVs infect and replicate in various tissues, but the bursa of Fabricius is the target organ for neoplastic transformation in chickens with LL. ALVs cause insertional activation of *c-myc* in transformed follicles by placing this gene under the control of viral LTR, which causes maturation arrest and proliferation of bursal stem cells ([@bib0480], [@bib0475]). Gross lesions of LL consist of splenomegaly, hepatomegaly, and grayish to white soft tumors in various organs but most commonly in liver, spleen and bursa of Fabricius. Microscopically, affected organs have multifocal to coalescing nodules containing a uniform population of large lymphocytes (lymphoblasts) that efface normal tissue architecture and compress adjacent parenchyma. Lymphoma in the bursa of Fabricius has an intrafollicular growth pattern. Diagnosis can be difficult because LL tumors are similar to those caused by Marek's disease virus and reticuloendotheliosis virus (REV) ([@bib0085]). Lymphoma with an intrafollicular pattern in the bursa of Fabricius is typical for LL, but bursal lymphoma caused by REV needs to be ruled out. Immunohistochemistry for B-cell and IgM surface markers, virus isolation from peripheral white blood cells and tumor homogenates, and standard or quantitative RT-PCR can be used for confirmation. Because ALVs are ubiquitous, viral detection alone is not confirmatory.

**Reticuloendotheliosis,** primarily a disease of chickens and turkeys, is caused by REV, a retrovirus in the *Gammaretrovirus* genus. REV is known to cause lymphoma, acute reticular cell sarcoma (reticuloendotheliosis), and various nonneoplastic lesions in various species of gallinaceous birds. In addition to chickens and turkeys, lymphomas caused by REV occur in quail, pheasants, peafowl, and Attwater's prairie chickens ([@bib0660]), and have recently been associated with disseminated lymphoma in young and adult breeding pigeons ([@bib0755]). Clinical signs include reduced reproductive performance, poor weight gain, and increased flock mortality. Lesions coupled with virus isolation and PCR positive results from blood and tumor homogenates are diagnostic.

***Lymphoproliferative disease** (**LD**)*, caused by an exogenous retrovirus called ***lymphoproliferative disease virus*** (**LPDV**), occurs in domestic turkeys in Israel and several countries in Europe, and in wild turkeys in North America ([@bib0030], [@bib0285], [@bib0675]). LD is characterized by multifocal to coalescing tan, raised, firm skin nodules composed of pleomorphic lymphoid cells admixed with plasma cells in unfeathered skin on the head or legs ([Fig. 31.16](#f0085){ref-type="fig"} ) ([@bib0200]) and in visceral organs and tissues. Birds with systemic LD may have hepatomegaly, splenomegaly, and multifocal to coalescing tan, raised nodules or infiltrates in many organs including the liver, kidney, lung, spleen, gastrointestinal tract, and brain; neoplastic lymphocytic infiltrates often also surround blood vessels. While infection with LPDV is common in wild turkeys in the United States, LD lesions are rare. Diagnosis of LD requires histological confirmation of neoplastic infiltrates in the skin or multiple organs. The most sensitive tissue for molecular detection of LPDV is bone marrow, but whole blood, visceral organs, and spleen can also be used ([@bib0025], [@bib0675]). The method of virus transmission is not known.Figure 31.16Retroviral lymphoproliferative cutaneous nodules in a turkey.Nodules in the unfeathered skin on the head are composed of pleomorphic lymphoid cells.

Bacteria {#s0060}
--------

Members of the **Enterobacteriaceae** family are ubiquitous and normal intestinal flora. Under certain circumstances, they may become pathogenic. They are not part of the normal respiratory or reproductive tract flora. Efforts should be made to avoid contamination during prosection, so that accurate culture results are obtained from these or other sites.

**Colibacillosis** refers to localized or systemic infection caused by *Escherichia coli*. It occurs in all types and age groups of poultry and pigeons. *E. coli* is present in the intestine of birds and excreted in feces. It may be a primary or secondary pathogen. Clinical signs vary from absent, when lesions are mild or localized, to lethargy, anorexia, or peracute death in severely affected birds. Chronically infected birds are often stunted and unthrifty. Colisepticemia or systemic *E. coli* infection is the most common pathogenic presentation ([Fig. 31.17](#f0090){ref-type="fig"} ). Localized infections include omphalitis in hatchlings, salpingitis in laying hens, cellulitis caused by the secondary infection of skin wounds, synovitis as a sequel to systemic infections, and airsacculitis, pericarditis, and perihepatitis. Chronic granulomatous infections with *E. coli* are called coligranulomas or Hjarre's disease. Enteritis caused by pathogenic attaching and effacing *E. coli* (AEEC) has been reported in gallinaceous birds and pigeons ([@bib0090], [@bib0705]).Figure 31.17Enterobacterial hepatitis, air saculitis, and pericarditis in a chicken.Numerous multifocal necrotic foci in the liver, thickening of the pericardium, injection of blood vessels as well as an acute fibrinous coelomitis.

Infections with *Salmonella* can cause acute and chronic disease. Gallinaceous species are reservoirs of *Salmonella*. *S. enterica* subsp. *enterica* serotypes Pullorum and Gallinarum are responsible for the septicemic diseases known as pullorum disease and fowl typhoid, respectively. These bacteria are nonmotile, generally host specific and reportable to OIE ([@bib0775]). Clinical signs include anorexia, dehydration, huddling, depression, diarrhea, and death. Mature birds may be asymptomatic or show reduced feed consumption, depression and decreased egg production, fertility, and hatchability. Other lesions may include swelling of the joints, dyspnea, and blindness. Histology is characterized by fibrinoheterophilic inflammation, usually in multiple organs.

The majority of the other serotypes in *S. enterica* subsp. *enterica* are motile and nonhost specific, and diseases caused by these bacteria are referred as **paratyphoid salmonellosis**. Infections are more important as a public health issue, than a disease concern for galliformes. Although all ages are susceptible to infection, clinical signs are usually seen in young and immunosuppressed birds. Birds look depressed and dehydrated, have diarrhea, and increased mortality, mainly in the first 2 weeks of age or at the onset of laying. Adult birds typically do not develop clinical signs. Bacteria are localized to the intestine or gallbladder of carriers and intermittently shed in feces.

In pigeons, one of the most common diseases is **wing paralysis** caused by *S. enterica* subsp. *enterica* serovar Typhimurium var. Copenhagen, a host-adapted pathogen ([@bib0545]). Clinical signs can be variable ranging from acute death to depression, listlessness, anorexia, greenish diarrhea, corneal opacity, swollen joints, ataxia, opisthotonus, and torticollis and occasionally respiratory signs. Gross lesions include hepatomegaly with green discoloration, enlarged spleens and kidneys in acute cases, and pale yellow dry exudate in the peritoneum, gonads, oviduct, heart, lungs, joints, intestine, brain, and the eye in chronic cases. Microscopically, lesions can vary from hepatocellular necrosis with fibrin exudation and infiltration of heterophils in acute cases to formation of caseous granulomas with infiltration of lymphocytes, macrophages, and multinucleated giant cells in the periphery in chronic cases.

*S. enterica* subsp. *arizonae* causes *arizonosis* in primarily young turkey poults. Infection is egg-transmitted. Disease can be similar to other *Salmonella* infections, mostly paratyphoid infections ([@bib0090]). Clinical signs are nonspecific and include depression, weakness, anorexia, diarrhea, paralysis, torticollis, opisthotonus, and blindness. Gross necropsy findings are nonspecific and include yolk sac retention, peritonitis, cecal cores, enlarged and mottled liver, splenomegaly, cloudy meninges, and cornea.

Diagnosis of salmonellosis is achieved by isolation and identification of the bacteria from internal organs. Isolation of *Salmonella* sp. from intestine or feces of adult gallinaceous species should be interpreted carefully and in the context of history, clinical signs, and lesions. Gallinaceous birds are the natural host of these bacteria and may carry *Salmonella* without clinical disease.

As other members of the Enterobacteriaceae family, *Yersinia* spp. are ubiquitous in the environment and water and can multiply at low temperatures. **Yersinia pseudotuberculosis** is the most important avian pathogen in this genus causing septicemic disease. Clinical signs depend on disease chronicity with the chronic form being more common ([@bib0085]). Clinical signs include lethargy, anorexia, loss of weight, diarrhea, dyspnea and dehydration, and sudden death. In chronic infections, signs include weight loss, swollen joints, and paresis. In acute cases, gross changes are associated with swelling of the liver and spleen and bloody to fibrinous exudate into the body cavity. In chronic infections, gross lesions consist of granulomas in organs and skeletal muscle, which resemble avian mycobacteriosis. Microscopically, lesions range from acute coagulative necrosis of hepatocytes, fibrin exudation, and heterophilic infiltration with large numbers of intralesional Gram-negative bacilli to giant cell granulomas. Similar lesions can be present in other organs, including the spleen and kidneys ([Fig. 31.18](#f0095){ref-type="fig"} ).Figure 31.18Yersinia pneumonia in a chicken.Acute coagulative interstitial pneumonia, with fibrin exudation and heterophilic infiltration due to *Yersinia pseudotuberculosis*. Numerous intralesional Gram-negative bacilli with fibrin accumulation in the parabronchial lumen.

*Pasteurella multocida*, the causative agent of **fowl cholera**, occurs frequently as an acute septicemia, with high mortality and morbidity. All birds may be susceptible under appropriate conditions. A chronic, localized form may occur following acute disease ([Fig. 31.19](#f0100){ref-type="fig"} ). Localized infections are found mainly in joints, abscesses of the head (including subcutaneous tissue, sinus, and middle ear), oviduct, and the respiratory tract. Infection between flock mates includes cannibalism of sick and dead birds. Furthermore, many recovered flocks may remain carriers spreading *P. multocida* to susceptible birds. Carriers may harbor the organism in the choanal cleft contaminating feed, water, and the environment. Cats, dogs, rodents, and pigs have been demonstrated to be reservoirs of *P. multocida* strains that are virulent for gallinaceous birds.Figure 31.19*Pasteurella multocida* in a turkey.(A) Acute unilateral pneumonia with an enlarged, dark red, congested right lung. (B) Swelling of the wattles with chronic *P. multocida* infection.

**Infectious coryza** is an acute respiratory disease caused by *Avibacterium paragallinarum*. Domestic chickens of all ages are susceptible and susceptibility increases with age. Pheasant, guinea fowl, and turkeys have also been reported to develop disease ([@bib0460]). Transmission is by direct contact, aerosol, and contamination of drinking water. Recovered birds may become carriers. Disease is characterized by upper respiratory clinical signs, including nasal discharge, sneezing, and swelling of the face. There is also a drop in egg production. Lesions include sinusitis, rhinitis, conjunctivitis, tracheitis, bronchitis, and even airsacculitis when other pathogens are involved. Histologically, there is epithelial hyperplasia, edema and infiltration of heterophils, macrophages, and masts cells.

*Ornithobacterium rhinotracheale* is a Gram-negative bacterium, associated with an acute highly contagious respiratory disease. The bacterium has been isolated from domestic and wild gallinaceous birds, including chicken, chukar partridge, guinea fowl, partridge, pheasant, quail, and turkey. In young birds, the bacterium causes relatively mild respiratory signs. In older birds, especially turkeys, *O. rhinotracheale* can cause acute pneumonia with high mortality rates ([@bib0170], [@bib0180]). It may also cause paralysis through arthritis, osteitis, and osteomyelitis, and a drop in egg production and quality ([@bib0170], [@bib0695]).

**Bordetellosis** is a highly contagious upper respiratory tract disease, primarily of young turkeys, quail, and partridges caused by *Bordetella avium* ([@bib0660]). Disease is characterized by conjunctivitis, sneezing, and coughing, with moist tracheal rales in young birds and dry coughs in older ones. Birds may be dyspneic with open-mouth breathing due to accumulation of mucus in the trachea, and softening and deformation of the tracheal rings. Because *B. avium* damages the epithelium of the upper respiratory tract, affected birds are susceptible to secondary infections. The severity of disease varies with the strain virulence and the presence of other infectious agents, such as ND, *Mycoplasma*, *Pasteurella*, and *E. coli*.

The genus *Clostridium* are Gram-positive, spore-forming, catalase-negative, anaerobic bacilli. Many have been recovered from environmental and clinical specimens of wild and domestic avian species. Pathogenicity is mediated through potent toxins and disease may occur as soft tissue infections, intoxications, and toxico-infections. There are four clostridial diseases of importance in gallinaceous birds:

**Ulcerative enteritis** caused by *Clostridium colinum,* occurs worldwide in many bird species, including quail, grouse, turkeys, chickens, and partridges ([@bib0660]). It is an acute bacterial infection, primarily of young birds. Lesions are characterized by multiple ulcers with or without hemorrhage throughout the intestinal tract ([Fig. 31.20](#f0105){ref-type="fig"} ) and foci of hepatic necrosis and inflammation. Ulcers can perforate the wall of the intestine causing peritonitis. Birds that recover naturally from the disease develop immunity but remain carriers and shed the bacterium in their feces.Figure 31.20*Clostridium enteritis* in a quail.Multiple transmural ulcers throughout the intestinal tract due to *Clostridium colinum* infection.

**Necrotic enteritis** is a sporadic, acute, noncontagious disease of the small intestine caused by *C. perfringens type A*, and to a lesser extent **type C** ([@bib0205]). The novel NetB toxin, not alpha-toxin, as previously believed, is critical in the pathogenesis of necrotic enteritis ([@bib0375]). Lesions are characterized by severe fibrinonecrotic enteritis with the formation of diphtheric pseudomembrane. Mortality rates are high.

**Gangrenous dermatitis** is a peracute, fatal disease, caused by **C. perfringens** or *C. septicum*. It occurs more frequently in warm and humid environments. It is believed that the bacteria are introduced through cutaneous wounds. Immunosuppression enhances susceptibility to disease. Affected birds are depressed or found dead with darkened and gangrenous skin, with emphysematous or serosanguinous cellulitis.

**Botulism**, caused by an exotoxin of *C. botulinum* that produces progressive flaccid paralysis, occurs more often in captive pheasants and occasionally in chickens ([@bib0085]). It occurs more frequently in warmer months. Of the eight known types of botulism toxins, type C is the most common in gallinaceous birds ([@bib0660]). Birds with type C botulism lack characteristic gross or microscopic lesions. Definitive diagnosis requires detection of toxin in serum, crop, or gastrointestinal contents of moribund birds. *C. botulinum* can be found in the gut of normal chickens and toxin can be produced after the bird dies. Therefore, finding toxin in tissues of dead birds does not confirm botulism.

*Mycoplasma* sp. are small (approximately 200 nm), prokaryotic organisms that lack a cell wall phylogenetically related to Gram-positive bacteria ([@bib0555], [@bib0600]). Mycoplasmas tend to be host-specific. Of the many *Mycoplasma* species that infect birds, only the species capable of causing disease in commercial poultry have received attention by researchers*. Mycoplasma* spp. can be transmitted vertically or horizontally by contact or by airborne dust or droplets.

*Mycoplasma gallisepticum* (*MG*) has been reported in chickens, turkeys, pheasants, partridges, peafowl, guinea fowl, and quail ([@bib0460]). In turkeys, MG is more prevalent in domestic flocks, but the bacteria are found in wild populations ([@bib0425]). Infection is often associated with respiratory signs and swelling of the infraorbital sinus. The condition is frequently found as a coinfection with other respiratory pathogens such *E. coli*, *Avibacterium* sp., *Aspergillus* sp., or in ND. Signs of **M. synoviae** (MS) infection include pale comb, stunting, lameness, and swollen joints. Breast blisters are frequently observed. The infection in the respiratory tract is mostly subclinical. **M. meleagridis** (MM) and **M. iowae** (MI) infections affect mainly turkeys, and are responsible for lower egg production and hatchability with minimal or no respiratory signs.

Three species of *Mycoplasma*; **M. columbinum**, **M. columbarale**, and **M. columbinasale** have been isolated from clinically healthy pigeons and pigeons with respiratory disease ([@bib0380]). Clinical signs can include ocular and respiratory disease; however, most sick birds have concomitant infections and it is difficult to determine whether and which signs are due solely to mycoplasmas. *M. columbinum* has also been associated with arthritis of the shoulder joint in a juvenile racing pigeon which had a droopy wing and was unable to fly ([@bib0290]).

Histologically, lymphoplasmacytic inflammation of the conjunctiva, sinuses, trachea, and occasionally air sacs and bronchi are the principal lesions of mycoplasmosis. *Mycoplasma* infection can be diagnosed by isolation on a suitable culture media or by PCR.

**Erysipelas** is an acute septicemic disease, caused by *Erysipelothrix rhusiopatheae*. In Galliformes, it occurs primarily in turkeys, occasionally in pheasants and rarely in chickens. The onset of disease can be sudden with birds found dead or dying after a short period of illness. Serosal, cutaneous, and muscular hemorrhage and splenomegaly are characteristic. A chronic form, characterized by polyarthritis or endocarditis, occasionally occurs. Infection is zoonotic.

**Staphylococcus aureus**, the cause of systemic disease **Staphlococcosis,** is widespread in the environment and causes a variety conditions, including arthritis, tenosynovitis, osteomyelitis, endocarditis ([Fig. 31.21](#f0110){ref-type="fig"} ), and omphalitis. Skin injuries are a key point of entry, and *S. aureus* is a common opportunistic infection in ulcerative pododermatitis in many bird species, which include galliformes and columbiformes. The respiratory tract is another important portal of entry.Figure 31.21*Staphylococus aureus* endocarditis in a chicken.A large yellow granuloma attached to the right atrio-ventricular valve. The granuloma almost occupies the entire space of the right ventricle

*Mycobacterium avium* is the causative agent of avian mycobacteriosis. Susceptibility studies suggest that among gallinaceous birds, chickens and partridges are highly susceptible; pheasants, guinea fowl, and domestic turkeys are less susceptible. Epidemiological surveys classify pigeons from moderately susceptible to highly resistant to *M. avium* ([@bib0175], [@bib0185], [@bib0690]). In the past, Mycobacteriosis caused by *M. genavense* has been reported in captive doves ([@bib0275], [@bib0585]). Contaminated fecal material is the most important means of dissemination of *M. avium*. Respiratory tract is also a potential source of infection. The bacteria can survive for more than 4 years in the environment, when not under direct sunlight ([@bib0185]). Infected birds lose weight, their feathers look dull, and birds have a marked leukocytosis due to monocytosis. Abnormal gait or paralysis can occur with joint infection. The most frequent gross lesions are individual or coalescing, granulomas that vary from pinpoint to several centimeters and can be found in many tissues including the liver, spleen, intestine, lung, and bone marrow. Histologically, lesions vary from mild to severe and consist of multifocal granulomatous inflammation or organized granulomas that, in some cases, replace significant portions of parenchymal organs; multifocal caseous necrosis is also seen. Granulomas are characterized by large accumulations of macrophages with abundant cytoplasm surrounded by multinucleated giant cells and fibrosis. Acid fast stains (e.g., Ziehl-Neelsen) highlight large numbers of bacteria within the cytoplasm of macrophages and multinucleated giant cells. These findings are usually sufficient for diagnosis. Other bacterial conditions, such as coligranuloma, *Salmonella* infections, fowl cholera, etc. must be ruled out as differentials. *Mycobacterium* can be cultured in suitable media and the species can be identified by PCR and sequencing.

**Pseudomonas** is an ubiquitous bacterium found in soil, water, and humid environments that can cause respiratory infections, keratitis, omphalitis, or septicemia in young birds.

**Riemerella anatipestifer** occasionally affects turkeys. See Chapter 30 for a more detailed description.

**Chlamydiosis**, also called **ornithosis**, is most commonly caused by **Chlamydia psittaci** genotype B, but other species of chlamydia, such as **C. pecorum**, **C. trachomatis**, and a novel species **C. avium** have also been detected in a variety of bird species, but their role in causing the disease is not known ([@bib0765]). Chlamydiosis is a common disease of pigeons of all ages but young birds are more susceptible. Various studies have shown that 19%--96% of pigeons are positive by complement fixation test, 0%--57% by isolation in chickens egg embryos and cell culture systems, and 3%--50% by PCR. Young birds are most susceptible and adults can be carriers. Chlamydiosis, on the other hand, is rarely detected in galliforms ([@bib0360]). Turkeys are the most common species affected ([@bib0040]). One report from China, demonstrates that *C. gallinacean*, not *C*. *psittaci*, is common in clinically healthy chickens ([@bib0260]). The disease characteristics, transmission, and diagnosis are essentially the same as in Psittaciformes (see Chapter 32).

Both *Streptococcus* sp. and **Enterococcus** sp. are ubiquitous bacteria found in the intestine of many animals, including galliformes. It is possible that the bacteria enter the blood stream through intestinal lesions. *Streptococcus* sp. are mainly associated with septicemia, endocarditis, and necrotic hepatitis and splenitis. *Streptococcus gallolyticus* (previously *S. bovis*) is an important pathogen in some parts of Europe that causes septicemia and increased mortality as high as 78% in some flocks. The disease is seen more commonly in young pigeons and clinical signs range from acute death to anorexia, inability to fly, lameness, swollen joints, loss of weight, and greenish diarrhea. Grossly, the liver and spleen are enlarged and mottled, kidneys enlarged, and there are occasional pale foci in the heart and consolidation of lungs. Microscopically, there is fibrinoheterophilic inflammation in the liver, spleen, kidneys, heart, lungs, and synovium with occasional involvement of the brain associated with intralesional coccoid bacteria.

**Enterococcus cecorum** is associated with infections of the skeleton, including spondylitis, femoral head necrosis, and osteomyelitis. **E. faecalis** has been associated with endocarditis, granulomatous hepatitis, and amyloid arthritis. Clinical signs and lesions are not specific to these bacteria and other bacterial infections need to be ruled out.

Fungi {#s0065}
-----

**Aspergillosis** is a common infection caused by **Aspergillus fumigatus, A. flavus,** or **A. niger,** saprophytic fungi associated with decaying organic matter (see also Chapters 27 and 302730). Birds typically become infected through the inhalation of fungal spores from the environment. The spores germinate in the respiratory tract and incite a strong inflammatory response ([@bib0315]). The fungi can continue to spread within the respiratory system via production of new spores under aerobic conditions, direct seeding into the coelomic cavity and pneumatized bones can also occur ([@bib0130], [@bib0575]). Systemic spread is via macrophages or because *Aspergillus* is vasotropic via hematogenous route. Disease, occasionally termed "brooder pneumonia," tends to be more severe in younger birds (7--10 days after hatching in domestic chickens) in association with concurrent immunosuppression, infections, or stress ([@bib0485]). In captive settings, disease is commonly associated with poor husbandry, moldy feed or litter, damp bedding, high stocking densities, poor ventilation, or increased species, or breed susceptibility ([@bib0055]). Aspergillosis causing morbidity and mortality is reported in free-ranging wild turkey ([@bib0155]) and Gambel's quail ([@bib0255]).

Gross lesions include mild to severely thickened air sacs and pleura coated with white exudate (mycelia) or green powdery-like (conidia) material ([Fig. 31.22](#f0115){ref-type="fig"} ). Lungs contain a few small, pale yellow nodules ranging from 2 to 5 mm in diameter to larger areas of consolidation. Birds in chronic stages of the disease tend to be in extremely poor body condition and may have underlying or concurrent disease. Plugs of caseonecrotic material may be observed within the lumen of the trachea or syrinx. Ascites is frequently reported in chickens, presumably associated with vascular failure ([@bib0350]). Deformities of vertebrae due to osteomyelitis are observed in domestic chickens with chronic infections presumably from hematogenous spread ([@bib0070]). Ocular aspergillosis can be subdivided into two conditions based upon the underlying pathogenesis. Topical exposure results in keratoconjunctivitis with caseous plaques beneath the nictitating membranes (more common in chickens), while hematogenous spread results in posterior opthalmitis or panopthalmitis (more common in turkey poults) ([@bib0660]).Figure 31.22*Aspergillus fumigatus* air sacculitis in a pigeon.The right air sac is opaque and thickened. "Bread mold" fungal mat completely overlies the air sac adjacent to the lung of this bird.

Microscopic lesions consist of typical giant cell granulomas with septate, branching hyphae that have 3--6 μm in diameter parallel walls with dichotomous, 45 degree angle, and branching. Fungi stain with both Gomori's methenamine silver (GMS) and periodic acid-Schiff (PAS) techniques ([@bib0120]). In some instances, large conidiophores (radiating fruiting bodies) are observed at an air interface ([@bib0130]). In acute-subacute cases, inflammatory cells are less organized but organization into granulomas occurs with chronicity as does surrounding fibrosis. In fibrinonecrotic debris, fungal hyphae, and conidiophores are most prevalent at regions of gas exchange (e.g., luminal surface of air sacs). Necrotic lesions associated with hyphae can be found in the brain in some cases, often with a limited inflammatory component. In posterior ocular infections, granulomas are present within the pectin and hyphae can be found in the vitreous humor and the retina.

While the gross and microscopic lesions are almost pathognomonic, infection can be confirmed with culture, molecular techniques ([@bib0365], [@bib0730]), and immunohistochemistry ([@bib0110]). A combination of PCR with galactomannan assays can increase the reliability of molecular results ([@bib0470]). In live birds, tracheal washes can be cultured, the granulomas can be visualized and sampled via cytologic preparations or endoscopic methods ([@bib0565]), and an indirect enzyme-linked immunosorbent assay (ELISA) can be used on serum for detection of antibodies and to monitor treatment ([@bib0145]). Radiographs can also suggest aspergillosis. As *Aspergillus* spp. can be ubiquitous in the environment, caution should be used to maintain sterility in sample collection. For cytology, nodules can be digested in 20% potassium hydroxide (KOH) and characteristic conidiophores and hyphae visualized with the assistance of ink dye; fungi can also be seen with Romanowsky or Wright Geimsa stains.

**Candidiasis**, **crop mycosis**, or **thrush** is caused by the ubiquitous and opportunistic yeast **Candida albicans.** Infection is often associated with concurrent illness or traumatic injury. Found worldwide, this yeast can be isolated from the gastrointestinal tracts of clinically healthy birds. Other species of *Candida* have also been isolated but are rare ([@bib0180]). Candidiasis is one of the most common mycotic diseases in pigeons, especially neonates that are not immunocompetent. Pigeons with concurrent circovirus infections are especially susceptible. Disease also occurs in gallinaceous birds including chickens, turkeys, guinea fowl, pheasants, and quail ([@bib0050], [@bib0455], [@bib0660]). Large mortality events have been described in young domestic turkeys and chickens. Younger birds are more susceptible to disease than older birds. In pigeons, transmission of *Candida* occurs through ingestion of crop milk, contaminated feed and water, and from the environment. Clinical signs include anorexia, diarrhea, depression, regurgitation, crop distension, and increased morbidity and mortality.

Typical lesions of candidiasis include ulcerative and proliferative white plaques, commonly described as "Turkish towel" appearance. Pseudomembranes that can be easily peeled off may be present. Lesions are common in the oral cavity, crop mucosa, and the esophagus. Less commonly, candidiasis may be observed in the proventriculus and ventriculus in association with hemorrhage and ulceration. Rare systemic, dermatologic, and comb infections are reported. Microscopically, lesions include necrosis and epithelial ulceration associated with irregular hyphae and pseudohyphae, fibrin, sloughed epithelial cells, and necrotic debris that are often limited to the stratum corneum. Intraepithelial edema, hyperkeratosis, and secondary bacterial colonization may also be observed. Oval *Candida* spp. yeast are 3--6 μm. Hyphae are parallel, septate, 3--5 μm in diameter, while pseudohyphae include chains of elongated yeast that resemble hyphae with intermittent constrictions. *Candida* spp. stains with GMS and PAS and are Gram-positive. Focal periportal necrosis and vascular changes are suspected to be associated with an endotoxin. Candidiasis is diagnosed based on the microscopic appearance of the yeast, hyphae, and pseudohyphae. Infection can be confirmed with culture and molecular methods.

Infection with **zygomycete** fungi, such as *Mucor*, *Rhizopus*, *Asidia*, *Rhizomucor*, and *Mortierella* can present similar to aspergillosis and cause similar lesions. Infections are often secondary to concurrent illness or stress. Hyphae of zygomycete fungi are larger (7--20 μm), aseptate, lack parallel walls, have an irregular appearance with bulging dilations, and branch at right angles ([@bib0120]). Zygomycete hyphae will also stain with GMS and PAS. Diagnosis can be confirmed with fungal culture or molecular methods.

**Ochroconosis** (or **dactylariosis**) due to *Ochroconus gallopava*, causes encephalitis in young domestic turkeys, chickens, and quail. *O. gallopava* has also been detected in the eye and brain of tinamou chicks ([@bib0510]). Mortality events involving a large number of birds are often associated with contaminated litter ([@bib0610], [@bib0660]). Gross lesions described include focally extensive, firm, gray or red foci in the cerebellum or cerebrum as well as rare pulmonary granulomas. Histologic lesions include foci of necrosis associated with numerous heterophils, macrophages, and multinucleated giant cells. The hyphae of *Ochroconis* spp. are pigmented yellow to light brown, septate, irregularly branched, and 1.2--2.4 μm ([@bib0660]). Diagnosis is based on fungal isolation or PCR.

**Megabacteriosis** (or **macrorhabdosis**) is caused by infection with the opportunistic yeast *Macrorhabdus ornithogaster* that localizes to the proventricular-ventricular junction. Infection has been documented in domestic turkeys, chickens, guinea fowl, quail, and partridge. Gross lesions are consistent with a chronic, debilitating disease of the gastrointestinal tract and include emaciation and thickening of the proventriculus. Histologically, there are lymphoplasmacytic and histocytic infiltrates in the lamina propria of the proventriculus and ventriculus. Organisms are often arranged in parallel bundles within mucus, proventricular crypts, koilin, and rarely, within the mucosa ([@bib0660]). Diagnosis is based on detecting the organism in fecal smears, cytology of gastric mucus, or histology of the proventricular-ventricular junction. Organisms are Gram variable, but will stain with PAS.

**Feather abnormalities** in wild turkeys are associated with colonization by numerous fungal species including *Aspergillus*, *Curvularia*, *Cladosporium Dactyella*, *Exophiala*, *Helminthosporium*, *Trichophyton*, and *Streptomyces*. The pathogenesis is unknown. Gross lesions include cracks in the ventral median groove of the rachis with visible mold and broken tail feathers. Histologic lesions include fungal hyphae on the surface of the rachis and within the feather pulp and associated separation of the middle malpighian layer. Diagnosis is based on the microscopic appearance of the fungal hyphae and fungal culture ([@bib0160]).

Metazoa {#s0070}
-------

Most nematodes, that affect galliformes and columbiformes, parasitize the digestive tract with eggs that are shed in droppings. Common parasites, associated lesions and life cycle are summarized in [Table 31.2](#t0015){ref-type="table"}, [Table 31.3](#t0020){ref-type="table"} ([Figure 31.23](#f0120){ref-type="fig"}, [Figure 31.24](#f0125){ref-type="fig"} ).Table 31.2Common Intestinal ParasitesParasiteLocation in the HostClinical Signs/LesionsLife CycleNematodes*Capillaria*Crop, small intestine, and cecaThickened mucosa, emaciation, hemorrhage/anemiaDirect. May be ingested by earthworms.*Dispharynx, Tetrameres, Cyrnea*ProventriculusDiarrhea, emaciation. Mucosa ulceration, necrosisIndirect: grasshoppers, cockroaches, sowbugs, and pillbugs are intermediate host*Cheilospirura*GizzardDamaged gizzard wallIndirect: grasshoppers, beetle*Ascarids* sp.\
([Fig. 31.23](#f0120){ref-type="fig"})Lumen of small intestineWeight loss, potential intestinal blockage, and blood lossDirect: *Eggs may be ingested by insectsHeterakis*CecaCecal mucosa inflammation and thickeningDirect: *Eggs may be ingested by earthworms***Cestodes**Small intestineMild or unknown, except *Raillientina* sp. that causes severe lesions and weight lossIndirect: insect, earthworm, snail**Trematode**Small intestineMild or unknownIndirectProtozoa*Eimeria* (Coccidia)Intestine, region depends on speciesVaries with species, from diarrhea to bloody feces and death; from whitish white foci on serosa to hemorrhage and necrosisDirect*Trichomonas*Esophagus, cropWhite-yellow plaques (ulcers)Direct*Histomonas*ceca, liverNecrosisIndirect: *Heterakis gallinarum* is the initial intermediate host\
Direct (?)*Cryptosporidium*Small intestine, bursa of FabriciusDiarrhea, villus atrophyDirectTable 31.3Common Non-intestinal ParasitesParasiteLocation in the HostClinical Signs/LesionsLife CycleNematodes*Syngamus* ([Fig. 31.24](#f0125){ref-type="fig"})Respiratory system: tracheaGasping, dyspnea, nodules in tracheaDirect or indirect: earthworm, slugs, snails*Oxyspirura*Special senses: eyeConjunctivitis, found under nictating membraneDirect or indirect: cockroaches***Cestodes***Reproductive tract: oviductWeight loss and lower egg productionIndirect: insect, earthworm, snailProtozoa*Leucocytozoon*Circulatory systemSudden death, hepatomegaly, splenomegally. Schizogony in tissues. Gametogony in erythrocytes and leukocytesIndirect: blackflies and culicoid midges*Plasmodium*Circulatory systemSchizonts in lung and blood endothelium; merozoites: erythrocytes (displace nucleus to the side)Indirect: mosquitoes and biting midges*Hemoproteus*Circulatory systemSchizonts in lung and blood endothelium; merozoites: erythrocytes (around nucleus)Indirect: biting flies and midges*Cryptosporidium*Respiratory systemBronchopneumoniaDirectFigure 31.23Intestinal ascarid infections in a chicken.Small intestine impaction in a chicken due to *Ascaridia*.Figure 31.24*Syngamus trachea* tracheitis in a pheasant.*S. trachea,* the gapeworm, are attached to the trachea wall and form granulomas.

Protozoa {#s0075}
--------

Protozoans are a diverse group of unicellular organisms. Most species are free-living but some parasitize animals, including birds. Infections range from asymptomatic to life threatening, depending on the species and strain of the parasite and the resistance of the host.

*Eimeria* is a genus of intestinal coccidian parasite with a direct life cycle and fecal-oral transmission. Coccidiosis have been reported in numerous galliformes, including chickens, turkeys, quail, grouse, pheasants, chucker, guinea fowl, and peafowl. In general, the different species are host-specific but some species that affect domestic birds may also cause disease in exotic Galliformes ([@bib0460]). Coccidiosis is also one of the most prevalent parasitic diseases in pigeons ([@bib0630]). Parasites may cause inflammation and destruction of intestinal tissue, diarrhea, and often dehydration ([Fig. 31.25](#f0130){ref-type="fig"} ). Disease occurs in young and newly acquired animals. Immunity increases with exposure and older individuals often serve as reservoirs.Figure 31.25*Eimeria enteritis* in the small intestine of a chicken.*E. necatrix* causes inflammation, dilation, hemorrhage, and necrosis of jejunum-ileum. Note the severely swollen jejunum-ileum. Multifocal white foci (necrosis) and hemorrhage are noted in the serosal surface of small intestine.

**Trichomonads** are flagellated protozoa and most species are commensals of the avian digestive tract. Yet the species *Trichomonas gallinae* affects the upper digestive tract and causes the condition known as trichomoniasis, canker (pigeons), or frounce (see Chapter 30). Although pigeons are the primary carriers ([@bib0590]), *T. gallinae* also parasitizes chickens, turkeys, and other domestic and wild galliformes. Outbreaks occur more frequently in warmer months. Outbreaks of trichomoniasis in wild birds typically occur in passerines in the family Fringillidae ([@bib0580]) but some mortality events have been reported in free-ranging columbiformes, such as the woodpigeon ([@bib0300]) and the endangered pink pigeon ([@bib0670]). Birds become infected by ingesting water or feed contaminated with oral secretions from infected pigeons (e.g., supplemental feeding sites). Young pigeons can become infected from the crop milk is regurgitated and fed by their parents. The protozoa invades the mucosal surface and causes stomatitis, esophagitis, and ingluvitis ([Fig. 31.26](#f0135){ref-type="fig"} ) ([@bib0660]). The affected mucosa becomes necrotic with profuse caseous exudate.Figure 31.26*Trichomonas esophagitis* in a peafowl.There is necrosis of the esophagus where the protozoa invade that is overlain by caseous exudate.

*Histomonas meleagridis* is a well-known and economically important protozoal parasite of gallinaceous birds that causes the disease **blackhead**. Clinical signs include yellow colored droppings, depression, and death of affected birds. Lesions are characterized by multifocal necrosis of the liver that have a bulls-eye appearance ([Fig. 31.27](#f0140){ref-type="fig"} ) and necrotizing typhlitis with luminal necrotic cecal cores. Domestic chickens may carry this parasite and not demonstrate any clinical signs; however, turkeys, pheasants, and peafowl are highly susceptible. Guinea fowl, chukar, grouse, quail, and partridges can also be infected ([@bib0465], [@bib0660]). Cases of **histomoniasis** typically occur in birds that have access to the outdoors and can encounter arthropod intermediate hosts as well as ova within the environment. In captive birds, blackhead is usually passed from bird to bird within the ova of the nematode *Heterakis gallinae*. Mechanical transmission may occur via earthworms, flies, grasshoppers, sowbugs, and crickets. In a recent survey, blackhead was not evident in any of the wild turkeys surveyed despite identification of *Heterakis gallinae* in the intestine of several birds ([@bib0490]). *Histomonas meleagridis* is reported periodically in free-ranging wild turkeys ([@bib0310]), but blackhead has a low prevalence in wild gallinaceous birds ([@bib0150], [@bib0165]).Figure 31.27*Histomonas meleagridis* necrotizing hepatitis in a turkey.Multiple areas of necrosis in the liver have bullseye appearance.

**Hemosporidia**, blood-borne, apicomplexan protozoa include parasites of three main genera---*Plasmodium* (the cause of avian malaria), *Hemoproteus, and Leucocytozoon*---that are transmitted by mosquitoes. These parasites invade blood and endothelial cells of many domestic and wild species, including galliformes and columbiformes. The life cycle requires two hosts: sporogony in insects, and schizogony (merogony) and gametogony in tissues or blood cells, respectively, of the vertebrate host. Plasmodium insect hosts are sucking mosquitoes (*Culicidae*), while *Hemoproteus* uses biting midges (*Ceratopogonidae*), and louse flies (*Hippoboscidae*). *Leucocytozoon* uses blood-sucking blackflies (*Simuliidae*) as the intermediate host. Avian hosts and their hemosporidian parasites share an evolutionary history in their native geographic distributions and most hemosporidian parasites are not lethal in the wild. Many of the examples of mortality in zoos caused by hemosporidia involve hosts challenged by parasites not found in their native habitat. On the other hand, hemosporidian parasites may act as population modulators because they reduce fitness.

*Plasmodium* spp. are reported in pheasants and guinea fowl ([@bib0460]); *Hemoproteus* spp. are reported in guans, curassows, chachalacas ([@bib0065], [@bib0090]), and free living pigeons and doves ([@bib0390], [@bib0415], [@bib0410]).

Differences in the prevalence, geographic distribution, and host of hemosporidia are associated with the habitat preference of bird hosts. The abundance and feeding habits within habitats of suitable insect vector and innate physiological differences make some avian hosts more susceptible than others. Most of these parasites are not very pathogenic unless parasitic loads are high. Following initial infection and an acute stage, most cases become chronic with occasional relapses when the host is under stress. Blood films stained with Giemsa allow observation of parasites in the erythrocytes. Splenomegaly and hepatomegaly are commonly observed in birds that died from these infections; hemozoin (malarial pigment) may be seen histologically in some infections. PCR may be necessary for confirmation of infection, especially in low level infections, or to speciate the organisms.

Ectoparasites {#s0080}
-------------

**Lice** are highly host-specific. The entire life cycle occurs on live birds and lice cannot live for more than a few days away from the host. Lice are the most commonly reported ectoparasites in wild turkeys and pigeons ([@bib0015], [@bib0405]). Transmission is by direct contact. Different common names applied to louse species originate mainly from the preferred site of infestation of the species ([@bib0660]). Lice feed primarily on feathers or scavenged debris from feather surfaces ([Fig. 31.28](#f0145){ref-type="fig"} ); they may also take blood, serum, and skin tissues. Clinical signs are associated with weight loss and restlessness due to constant irritation. Eggs are laid along the feather, and usually at the base of the shaft. Harm to the host is minimal, except in very heavy infections. Bathing, preening, and other grooming behaviors help to eliminate lice.Figure 31.28Chicken body lice (*Menacanthus stramineus*) on the feathers of a chicken.These lice are one of the most common parasites found on the body of many gallinaceous birds. This yellowish, chewing lice have a flat body and are about 3 mm long.

**Mites** are not host specific, although they are more successful on their preferred host ([@bib0660]). They are divided into two groups: (1) mange, which feed on skin cells and cause skin irritation and scabbing, and (2) blood sucking mites. **Scaly leg mites** (*Knemidocoptes*, *mutans*) are the most commonly diagnosed mange in birds with a wide host range. Mites burrow into the skin of the birds' shanks and feet causing swelling and deformation of scales. In severe infections, loss of digits has been reported ([@bib0460]). The **depluming mite** (*Knemidocoptes laevis,* **syn.** *Neocnemidocoptes gallinae*) borrows into the skin at the base of feathers, resulting in severe pruritus and feather pulling. In severe infestations, the mite may cause scaly, thickened, and wrinkled skin, mainly along the neck.

Among the **blood sucking mites** *Dermanyssus gallinae,* the red mite, is one of the best known and a common parasite of birds ([@bib0090], [@bib0460]). It feeds at night and hides during the day. *D. gallinae* can cause weight loss, anemia, and even death. Another mite that sucks blood and can cause similar serious problems is *Qrnithonvssus sylviarum* or Northern fowl mite. It visits the host only for feeding and therefore might be missed. In heavy infestations, feathers of the birds appear blackish, especially in the vent region, due to mite droppings.

The main flea in Galliformes is the **stick-tight flea**, *Echidnophaga gallinacean*. It infects chickens, pheasants, and quail ([@bib0460], [@bib0660]). Females remain embedded in the skin of the host, usually about the head; while the males remain mobile. Adults feed on blood and can cause irritation, anemia, and even death in heavy infections.

**Ticks**, **biting flies**, and **bedbugs** feed periodically on blood. Heavy infestation can lead to severe host anemia, nest desertion, and even death. In addition, they serve as important vectors for other parasites including black flies with *Leucocytozoon*; biting midges with *Hemoproteus*; and several genera of mosquitoes with *Plasmodium* ([@bib0660]). The major concern with these bugs is that they may migrate from birds and infest human houses, when carried in clothing or infected materials.

E-Slides {#s9015}
========

31.e1**Circovirus infection, pigeon, bursa of Fabricius.** Lymphoid depletion, mostly in the medulla of bursal follicles. Numerous large basophilic intracytoplasmic inclusion bodies (5-25 um), often in clusters (botryoid), are present in macrophages and lymphocytes. (see [Fig. 31.5](#f0030){ref-type="fig"}). [eSlide: VM05025](eslide:VM05025){#ir9010}31.e2**Infectious laryngotracheitis (ILT), chicken, larynx.** The lumen contains large amounts of necrotic cellular debris, heterophils,fibrin and mats of bacterial colonies. The mucosa has diffuse erosion to ulceration of pseudostratified epithelium and rare formation of large, multinucleate syncytia within the mucosa and within sloughed luminal debris. Within syncytia, large, eosinophilic intranuclear inclusion bodies with marginated chromatin are present. (see [Figure 31.6](#f0035){ref-type="fig"}, [Figure 31.7](#f0040){ref-type="fig"}). [eSlide: VM05026](eslide:VM05026){#ir9015}31.e3**Infectious laryngotracheitis (ILT), chicken, trachea.** Large amount of necrotic cellular debris, inflammatory cells (heterophils and lymphocytes) and fibrin are in the tracheal lumen. There is diffuse deciliation and necrosis and ulceration of mucosal epithelium. Scattered large, multinucleate syncytia are within sloughed luminal debris. Within syncytia, many nuclei contain large, eosinophilic inclusion bodies that marginate chromatin. (see [Figure 31.6](#f0035){ref-type="fig"}, [Figure 31.7](#f0040){ref-type="fig"}). [eSlide: VM05027](eslide:VM05027){#ir9020}31.e4**Marek's disease, chicken, sciatic nerve.** Severe, multifocal to diffuse infiltration of pleomorphic and anisokaryotic lymphocytes between the axons of the sciatic nerve. Lymphocytes have discrete borders, small amounts of eosinophilic cytoplasm and central, round nuclei with finely to coarsely stippled chromatin. Surrounding axon sheaths are mildly to moderately dilated. (see [Figure 31.8](#f0045){ref-type="fig"}, [Figure 31.9](#f0050){ref-type="fig"}). [eSlide: VM05028](eslide:VM05028){#ir9025}31.e5**Yersinia pseudotuberculosis bronchitis and intestitial pneumonia, chicken, lung.** Severe pulmonary congestion and edema. The interparabronchial spaces are expanded by edema and are infiltrated with moderate numbers of heterophils and macrophages. There is also infiltration of inflammatory cells in the airways of parabronchi and air capillaries, occasional necrosis of pneumocytes, and congestion of the capillaries in the parabronchi. (see [Fig. 31.18](#f0095){ref-type="fig"}). [eSlide: VM04946](eslide:VM04946){#ir9030}31.e6**Yersinia pseudotuberculosis interstitial pneumonia, chicken, lung. Gram.** Gram stain of lung (H&E: slide SS31.05). Occasional colonies of gram negative bacteria are present within the necrotic areas of the lung. (see [Fig. 31.18](#f0095){ref-type="fig"}). [eSlide: VM05029](eslide:VM05029){#ir9035}31.e7**Histomoniasis (blackhead), chukar, liver.** Multifocal coagulative necrosis of hepatocytes with infiltration of a mixed population of inflammatory cells including lymphocytes, plasma cells, macrophages, multinucleated giant cells, and a few heterophils. Within these foci of inflammation there are a large numbers of vacuoles or open spaces of various sizes. Many of these spaces have oval to spherical, faintly staining, eosinophilic protozoa measuring 7 to 15 um in diameter, consistent with Histomonas sp., in their center. (see [Fig. 31.27](#f0140){ref-type="fig"}). [eSlide: VM05030](eslide:VM05030){#ir9040}

 {#s0290}

Metazoa {#s0215}
-------

*Capillaria* nematodes infect the crop and esophagus but can also infect the intestine. They cause extensive damage to their hosts because adults feed directly on blood and tissue. Eggs are easily recognized by the prominent opercula at both ends. Some *Capillaria* species have direct life cycles, while others require intermediate hosts, such as earthworms, beetles, and cockroaches ([@bib0410], [@bib0465]).

Worms of the proventriculus and gizzard belong to the genera *Dispharynx*, *Tetrameres*, and *Cheilospirura* and all have indirect life cycles ([@bib0465], [@bib0660]). The intermediate host of *D. nasuta* is the sowbug. *Tetrameres* utilize amphipods, grasshoppers, cockroaches, and earthworms as intermediate hosts. Beetles and grasshoppers serve as intermediate hosts to *Cheilyspirura*. These worms infect a variety of galliformes. All three genera burry in the mucosa causing tissue proliferation and deterioration. Affected birds may appear emaciated.

*Ascaridia* parasites, or large roundworms, are found in commonly in the intestine of many galliformes. Heavy infestations cause growth retardation, constipation or diarrhea, loss of condition, and sometimes intestinal blockage ([Fig. 31.24](#f0125){ref-type="fig"}). The ascarid life cycle is simple with no intermediate host ([@bib0410]). It is also possible that the eggs are ingested by grasshoppers or earthworms and in turn infect an avian host when the invertebrate is eaten. After ingestion, eggs hatch in the proventriculus or upper intestine and larvae cause damage during migration.

Members of the genus *Heterakis* are parasites mainly of the large intestine (cecum). *Heterakis* live on intestinal contents and do not migrate during their development, so damage to the host is minimal. But one species, *Heterakisgallinae*, plays an important role in the transmission of the protozoan parasite *Histomonas meliagridis*, which causes blackhead in galliformes.

*Syngamus trachea* or gapeworm has been reported to affect a broad range of captive and wild galliformes and columbiformes ([@bib0465], [@bib0660]). The parasites are usually encountered in the trachea, and occasionally in the bronchi. The worms attach to the tissue and feed on blood ([Fig. 31.25](#f0130){ref-type="fig"}). Clinical signs include gaping, coughing, and pneumonia-like symptoms. The lumen of the trachea may become obstructed, and the bird suffocates. *Syngamus* eggs are shed with the feces. *Syngamus* has a direct cycle, although earthworms may serve as intermediate host.

***Oxyspiruramansoni***, the common eye worm, infects numerous Galliformes, including chicken, turkey, grouse, guinea fowl, peafowl, quail, and prairie chicken ([@bib0465], [@bib0660]). This parasite is rare in pigeons. Adult worms are found beneath the nictitating membrane of the eye, causing lesions which vary from mild conjunctivitis to severe ophthalmia. The cockroach serves as intermediate host ([@bib0465], [@bib0660]).

Well over 1000 species of cestode belonging to ten different genera (including *Davainea*, *Raillentina*, *Metroliasthes*, etc.) have been recognized in domestic and exotic Galliformes ([@bib0465], [@bib0660]). Infection occurs through ingestion of an intermediate host. Most of them are not very pathogenic; however, weight loss has been noted in severely affected birds.

Trematodes (flukes) are small (usually less than 1 cm), flat, leaflike parasites of the gastrointestinal tract. They have an indirect life cycle. Numerous genera of flukes have been reported in domestic and exotic galliformes species and occasionally in pigeons. They are often missed if only fecal flotations are performed. Necropsy may detect specimens as incidental findings. The cause of mortality was associated with heavy infestation of *Morishitium* in guineafowl ([@bib0460]). Table e1Common Toxicities in Galliformes and ColumbiformesToxinExamplesClinical Effects and LesionsInhaled toxinsEssential oilsPine, cedarRespiratory tract irritationPolytetrafluoro-ethyleneNonstick cookware, heat lampsLung edema and hemorrhage. Histologically, epithelial necrosis of parabronchi and vascular damageAmmoniaTracheal deciliation, keratoconjunctivitisInsecticidesOrganophosphates, organochloridesBronchoconstriction and an increase in bronchial secretions. Hemorrhages in heart and intestinal serosa. No specific histologic changes.Ingested toxinsHeavy metalsLead, zincDemyelination of peripheral nerves and vascular damage in the cerebellumMycotoxinsMoldy grainsMucosal irritation and necrosis, hepatitis, nephritis, secondary infectious due to immunosuppressionAnticoagulant rodenticidesBrodifacoum, bromadiolone, chlorophacinone, diphacinone, and warfarinHemorrhage, anemiaNonanticoagulant rodenticidesZinc phosphideDepression, ruffled feathers, anorexia, diarrhea, muscle spasms, tachypnea. Hydropericardium and ascites, generalized congestionStrychnine[\*](#tbl4fn1){ref-type="table-fn"}Fluffed feathers, ataxia, wing droop, salivation, tremors, muscle tenseness, and convulsions, reproductive failureSodium chlorideSalt, human foodsPolydipsia, polyuria, neurologic excitement, tremors, pulmonary hypertension, myocardial dilation, ascitesBird baits4-aminopyridine (Avitrol)Neurologic signs. Generalized congestion. Characteristic small pellets usually found in gizzard.Alpha-chloraloseNeurologic signs, but no specific pathologyEthylene glycol (antifreeze)Renal tubularepithelial necrosis leading to acute visceral urate deposition.ThalliumVacuolar degeneration of hepatocytes and granular and/or hyaline droplet degeneration of renal tubular epithelia.InsecticidesOrganophosphates, organochloridesExcess salivation, lacrimation, abdominal pain, vomiting, intestinal hypermotility, and diarrhea[^1]Table e2Viral Diseases of Domestic Chickens but of Uncertain Significance in Nondomestic Galliformes and ColumbiformesEtiologyDisease NameGross LesionsHistologic LesionsDiagnosisDNA virusesGyrovirusChicken infectious anemiaPale viscera, fatty and yellowish bone marrow, bursal and thymic atrophy, and hemorrhagesSevere lymphoid depletion of the thymus and bursa of Fabricius. Hypoplasia of erythrocyte and myelocyte precursors in the bone marrow.Clinical signs, gross and microscopic lesions. Virus detection by PCR and/or isolation.RNA virusesBirnavirus[\*](#tbl5fn1){ref-type="table-fn"}Infectious bursal disease (Gumboro disease)Edema and hemorrhage in bursa of Fabricius with subsequent atrophy. Occasional proventricular and muscle hemorrhage.Lymphoid depletion, necrosis, interstitial edema, and lymphoid atrophy in the bursa of FabriciusGross and microscopic lesions and virus isolation and RT-PCR.Coronavirus[\*](#tbl5fn1){ref-type="table-fn"}Infectious bronchitisMucosal congestion in the upper respiratory tract. The lungs may be congested and edematous and air sacs are thickened and cloudy.Deciliation and necrosis of epithelium in the upper respiratory tract.Virus isolation, RT-PCR, sequencing.Reovirus[\*\*](#tbl5fn2){ref-type="table-fn"}Viral arthritisSwelling of tibiotarsal-tarsometatarsal joint and occasional tendon rupture.Edema of tendon sheaths, hypertrophy and hyperplasia of synoviocytes, villous proliferation of synovial membranes, and inflammation.Virus isolation and identification, direct IF of tendons, PCR, and dot-blot hybridization.[^2][^3][^4]

[^1]: Strychnine-treated baits were the method of choice for controlling pigeon and sparrows by the US Fish and Wildlife Services in 1960s (Hockenyos, 1962. VPC. pp. 271--307 Available from: [http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1019&context=vpcone](http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article(1019%26context(vpcone){#ir0010}).

[^2]: Note that the non-domestic galliformes are presumed to be susceptible.

[^3]: OIE, Reportable disease.

[^4]: Also diagnosed domestic turkeys.
